Hamsters are exposed to selected lung burdens of plutonium contained in 10 ~m diameter inert microspheres of Zr02 ceramic. Injected into the jugular vein, the microspheres lodge quantitatively in the lung capillaries and remain immobile for the life of the hamster. Distribution through the lung is essentially random but shows a systematic variation through a factor of about 2 from lobe to lobe.
The specific activity of the microspheres is varied from 0.01 to 100 pCi per sphere, spanning the range of respirable particles of 238pu02 and 239pu02. The number of spheres per animal varies from 2,000 to 1,000,000 and the lung burden from 0.1 to 1000 nCi. The fraction of lung irradiated ranges from 0.01 to 0.98, and the calculated median dose rate to the tissue exposed is from 0.5 to 700 krad per year. The spheres are completely inert and provoke no foreign-body reactions. In contrast to most methods of exposure by inhalation or insufflation, the radiation is delivered essentially 100% to the lung. Because of the immobility and uniformity of the microspheres, the distribution of energy deposition can be calculated with precision on a microscale.
The most surprising result has been the minimal biological damage even after exposure times in excess of 2 years. Not only are gross effects (such as pneumonitis, hyperplasia, fibrosis, and tumors) insignificant, but little or no deterioration of parenchymal microstructure has been observed.
A. Introduction
The question of whether concentrated deposition of radiation dose in a limited volume is more or less damaging than diffuse delivery of the same quantity of energy has troubled health physicists for many years. It has recently assumed new prominence with the potential risk of exposure of large populations to Pu02 aerosols from prospective nuclear power generation with breeder reactors. The problem is complex, and theoretical calculations based on microdosimetry and assumed single-cell response are of little help since this response is subject to all the factors of biological regulation, control, repair, and ¥This work is being performed under the auspices of the U.S. Atomic Energy Commission.
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other cooperative reactions characteristic of tissue. The primary appeal must be to experimental data at this stage, until the limiting mechanisms and interactions are identified. However, because of the peculiar requirements of health protection, specifically the application of the data to human exposures of long duration and the desire to limit the probability of damage to extremely low values, extrapolation of experimental results cannot be avoided. Extrapolation must be made from animal to man, from short to long times of exposure and induction, and from measurable to indetectable probabilities. Such extrapolations will be convincing in proportion to their basis on mechanistic detail. Therefore, it is important that experiments correspond as closely as possible to the actual situation to which they will be applied and that, at the same time, enough independently controlled variables be available to test various hypotheses and to identify the controlling factors.
The hot particle studies in hamsters at the Los Alamos Scientific Laboratory (LASL) are simulation experiments to the extent that the target organ (the lung) and the radioactive sources replicate the exposure to inhalation of Pu02 aerosols to some extent. However, to facilitate the analysis of the factors operating, certain unreal constraints have been introduced. A primary objective is determination of the minimal conditions of exposure leading to tumor induction, especially in terms of number and distribution of irradiation foci and of volume and distribution of tissue at risk. Thus, animals are exposed by jugular injection to a precise number of uniform microspheres which are retained quantitatively and permanently in the capillary bed of the lung. The exposure is thereby limited strictly to the lung itself, no other organ receiving a significant radiation dose, and the dosimetric parameters can be varied in a controlled manner.
B. Materials and Methods
Because of the limited space available here, experimental methods will be presented only in outline. For details of procedures and numerical confirmations, the reader is referred to our annual reports (RICHMOND and VOELZ, 1972, 1973; RICHMOND and SULLIVAN, 1974) .
The experimental animal chosen was the Syrian golden hamster. The choice was primarily on the basis of the popularity of this animal in many types of cancer experiments, both chemical-and radiationinduced, that provide a large body of experimental data for comparison and interpretation of results, as well as its freedom from primary lung disease. The route of exposure is unusual in that large (10 ~m) microspheres are injected into the jugular vein (HOLLAND et al., 1971) and are trapped in the capillary bed of the lung. Since the range of the alpha particle in the lung permits the traversal of several alveoli, the location of the source on the blood side of the membrane is not physically important. The immobility results in significant differences from inhaled aerosols; the local radiation fields are higher in intensity and more circumscribed in volume than for mobile particles of the same activity. However, by varying particle number and specific activity, the dose distribution can be manipulated to study the effects of this parameter.
The microspheres used are an inert, insoluble, high-fired ceramic of Zr02 to which PU02 has been added at concentrations chosen to simulate
